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1. INTRODUCTION 
The presence or absence of human blood group 
A-like substances in the intestinal secretions of ani- 
mals has enabled them to be classified as A+ and 
A-, respectively [ 1,2]. This A antigenicity is due to 
the terminal trisaccharide cw-GalNAc-[a -Fuc- 
(1_2)]P -Gal- of O-linked glycans of glycoproteins 
[3]. The surface of intestinal absorbing cells or 
enterocytes in A+ rabbits also bears the A antigen- 
iticy [4]. 
proteins, in particular hydrolases, compared to the 
brush border membrane [5]. 
Evidence is presented below for the presence of 
human blood group A-like determinants on all the 
major hydrolases. An enterocyte surface antigen, 
tentatively identified as the remaining glycocalyx 
part of the membrane preparation, has been char- 
acterized through its precipitation by an anti- 
human blood group A-antibody. 
The plasma membrane of enterocytes is com- 
posed of at least two regions characterized by their 
different morphological aspects and enzymatic 
equipment well adapted to their specific functions: 
the brush border membrane at the luminal pole of 
the cells and on the contra-luminal faces, the lateral 
and basal membranes. Both of these membranes 
can be purified [5]. Hydrolases constitute a major 
glycoprotein class of the brush border membrane 
that can be solubilized either by neutral detergents 
or papain treatment of the membrane preparations. 
Detergents (Triton X- 100) or Emulphogen BC 720) 
extract intact amphiphilic proteins known as deter- 
gent-forms while papain only released hydrophilic 
domains located on the luminal side of the mem- 
brane. The hydrophilic protease forms (125 OOO- 
250 000 Mr) represent the major part of hydrolases 
and bear the active sites as well as the sugar moie- 
ties, these latter amounting up to 15-25% by wt 161. 
2. MATERIALS AND METHODS 
The A+ or A- typing of rabbits, and brush bor- 
der and basolateral membrane preparations have 
been described [4,5]. Immunoglobulins from the 
serum of guinea pigs immunized with an Emul- 
phogen extract of membrane preparations were 
purified as in [9]. Rabbit anti-human blood group A 
immunoglobulins were prepared with the same 
technique from the serum of A- rabbits immunized 
with human blood group A erythrocytes [2]. Im- 
munoglobulins were labeled with [‘251]iodogen 
(Pierce) according to [lo]. Crossed immunoelec- 
trophoresis was done as in [ 111. 
3. RESULTS 
The surface of brush border membranes also 
contains an abundant fuzzy coat or glycocalyx [7]; 
this carbohydrate-rich constituent, characterized 
only by electron microscopy, has been considered as 
the carbohydrate extension of hydrolases [S]. Baso- 
lateral membranes contain low quantities of glyco- 
Crossed immunoelectrophoresis is a very con- 
venient technique for resolving and identifying 
enterocyte plasma membrane proteins solubilized 
by either neutral detergents or papain [5,1 11. This 
technique was actually used to directly identify in 
A+ rabbit enterocytes the plasma membrane glyco- 
proteins bearing the A antigenicity. For this pur- 
pose we prepared an anti-serum against a detergent 
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extract of brush border membrane preparation 
from A- rabbits. The resulting antibodies precipi- 
tated membrane proteins without any binding on 
A-like determinants. These latter could therefore be 
labeled provided [ ‘251]iodinated anti-human blood 
group A-antibody was added to the precipitating 
a 
I 
antibodies. Protein immunoprecipitates with an 
A-type antigenicity can be specifically revealed by 
autoradiography (fig.1). If the antigens were pro- 
teins from A- rabbit membranes (lig.la,b) no im- 
munoprecipitate could be revealed by autoradio- 
graphy. By contrast, in the case of A+ rabbit mem- 
brane proteins, all the peaks revealed by Coomassie 
blue (fig.lc,d) were also revealed by autoradio- 
graphy (fig.le,f). Almost all could be identified as 
hydrolases [5,11], but not for peak 1. It was more 
heavily labeled by anti-A than the hydrolases and 
was undetectable after Coomassie blue staining of 
A- rabbit membrane proteins (fig.la,b). If anti-A 
was not added to anti-A- rabbit brush border pro- 
teins, peak 1 could not be observed with A+ rabbit 
membrane proteins as antigens either. The quantity 
of A determinants in peak 1 antigen, which we 
termed enterocyte surface antigen, was sufficient 
enough so that it could be precipitated by anti-A 
alone (fig. I g,h). 
The solubilization of the enterocyte surface anti- 
gen was further studied and compared to that of 
hydrolases. Although similar results were obtained 
with both types of membranes, only those obtained 
with basolateral membranes are presented in fig.2 
since the enterocyte surface antigen peak (no. 1) 
was well separated from the hydrolase peaks. The 
antibodies used here were raised against an 
Emulphogen extract of a basolateral membrane 
fraction repared from non-typed rabbits, and thus 
contained the anti-A antibody. Like hydrolases, the 
surface antigen was well extracted from membranes 
Fig. 1. Crossed immunoelectrophoresis of Emulpho- 
gen-extracted proteins from brush border (left) and 
basolateral (right) membranes. The gel used in the 
second dimension (from bottom to top) contained 100 
pg/ml of immunoglobulins from guinea pig sera raised 
against an Emulphogen extract of brush border mem- 
brane from A- rabbit, plus 60 pg/ml of tz51 labeled im- 
munoglobulins from rabbit sera raised against human 
blood group A erythrocytes in a-f and only anti-A im- 
munoglobulins (200 pg/ml) in g,h. Applied samples: 6 pg 
and 60 PLg of proteins from, respectively, brush border 
and basolateral membranes from A- rabbits in a,b and 
A+ rabbit in c-h. In g-h the amount of membranes 
proteins were raised to 20 and 70 pg, respectively. The 
precipitates were revealed by staining with Coomassie 
blue in a-d, g and h. In e and f autoradiography of c and 
d plates, respectively, were performed with Kodak XS-5 
Omat SX-ray films. 
18 
Volume 143, number 1 FEBS LETTERS June 1982 
Fig.2. Crossed immunoelectrophoresis of Emulphogen- and papain-solu- 
bilized proteins from basolateral membrane. The second dimension gels 
contained immunoglobulins (500 pg/ml) from guinea pig sera raised against 
Emulphogen extract and basolateral membranes from non-typed rabbits in 
a-d and anti-A immunoglobulins in (e). Applied samples: (a) 50 pg proteins 
extracted by emulphogen; (b) emulphogen extract as in (a), after papain 
digestion; (c) papain-solubilized proteins; (d,e) Emulphogen extract of re- 
sidual membrane after papain treatment. The identified precipitates were: 
(1) enterocyte surface antigen; (2) aminopeptidase N; (3) sucrase- 
isomaltase complex. 
by detergents (fig2a). When an Emulphogen ex- 
tract was treated with papain, the hydrolases were 
transformed into papain forms 1 characterized by 
their rapid electrophoretic migration [1 l] and the 
enterocyte surface antigen was almost completely 
destroyed (fig.2b). The remaining small quantity of 
this antigen, however, does not seem to be modi- 
fied. In contrast, the surface antigen was not de- 
graded after papain treatment of the membrane. It 
can even be extracted by Emulphogen from resi- 
dual papain-treated membranes (fig2c). Its more 
specific identification was performed by precipita- 
tion with anti-A antibody (fig.2e). These results 
show that enterocyte surface antigen is a glycopro- 
tein anchored in the membrane independently from 
the hydrolases. 
Now, it may be asked whether the surface antigen 
characterized in A+ rabbits by its high content in 
A-like determinants is also present in the plasma 
membrane of A- rabbit enterocytes. In these entero- 
cytes, the A determinants might be replaced by 
human blood group HI-like determinants since this 
type of antigenicity has already been found to re- 
place the A antigenicity as pointed out by immu- 
nofluorescence studies on ultrathin frozen section 
of jejunum from A- rabbits [ 121. However, the Ht 
determinants are by far less antigenic than the A 
determinants. This could help to explain why anti- 
sera raised against enterocyte plasma membrane 
proteins are not generally able to precipitate the 
surface antigen from A- rabbit membranes 
(fig. la,b). Consequently only sera containing high 
levels of antibodies raised against the polypeptide 
Fig.3. Crossed immunoelectrophoresis of Emulpho- 
gen-solubilized proteins (50 pg) from basolateral mem- 
branes from A- rabbits in (a) and a mixture of 50% of 2a 
and 50% of 3a in (b). The second dimension gels were as 
in fig.2a-d. 
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chain of the surface antigen might precipitate this 
antigen from A- rabbit membranes. This is prob- 
ably the case for the serum used in the experiment 
reported in fig.2,3 since it precipitated 3 antigens 
from Emulphogen extracts of A+ and A- rabbit 
membranes (lig.2a and 3a, respectively). Fig.3b 
shows that in both cases the 3 peaks were immuno- 
logically identical since no additional peak was ob- 
tained when a mixture of the 2 extracts was sub- 
mitted to crossed immunoelectrophoresis. It can 
therefore be concluded that peak 1 in lig.3a, con- 
tains the membrane enterocyte surface antigen of 
A- rabbits. 
4. DISCUSSION 
Addition of ‘251-labeled anti-human blood group 
A antibodies during crossed-immunoelectrophor- 
esis has allowed us to specifically label the glyco- 
proteins of the enterocyte plasma membrane bear- 
ing A-like determinants. In fact, it was shown that 
all hydrolases from A+ rabbits contained such de- 
terminants. 
We found that the A antigenicity of the entero- 
cyte surface is primarily due to the presence of the 
enterocyte surface antigen in the plasma membrane 
characterized by its high content in A determinants. 
The high sensitivity of the antigen to papain diges- 
tion suggests a tibrillar rather than globular struc- 
ture. We tentatively identify this antigen as a con- 
stituent of the glycocalyx. An immunoelectron 
microscopic study has shown that the fibrillar 
material forming the glycocalyx of the microvilli is 
particularly rich in A determinants (Bernadac, A. et 
al., in preparation). At least the particularly long 
librillar glycoconjugates of the summit of the micro- 
villi are very sensitive to mechanical cleavages 
1131. A portion of this material may thus be lost 
during subcellular fractionation, but smaller fibers 
and the residual basal portions of broken long Ma- 
ments are retained in membrane preparations. It 
may be expected that these membrane glycoconju- 
gates would have a heterogeneous size distribution. 
It should be noted that, particularly in the case of 
brush border membranes, the shape and the width 
of the immunoprecipitate obtained with anti-A 
antibody (fig.2g) express a large heterogeneity of 
the enterocyte antigen. This observation also argues 
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